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@ Method and laminate for tnermoformlng. 

@ A method for producing three dimensionally contoured 
parts, particularly for automobile headliners, utilises a stiff 
thermoformable polystyrene foam core (10) to either side of 
which is laminated a porous, nonextendable rigidrfying material 
(20,20a) and a fabric material (30,30a). The porous, nonextend- 
able rigidifying material is arranged so as to be subjected to two 
dimensional contouring but so as not to extend into areas of the 
laminate which will be subject to severe three dimensional 
contouring. 
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Description 



Method and Laminate for Thermoforming 



The present invention relates to thermoforming 
three dimensionally contoured articles such as 
automobile headllners. In the past, many automobile 5 
headliners have been formed by moulding them of 
fibreglass reinforced polyester resin in a lay up 
moulding process, as distinguished from thermofor- 
ming. VanDresser Inc. moulds such a product of 
glass reinforced polyester resin, laminated to a rigid 10 
urethane foam and covered by a soft urethane 
backed fabric. Such headliners act as a sound 
board, thus making the interior of the vehicle more 
noisy. Further, the lay up moulding process Is costly. 

Some have eliminated the boardiness of fibreglass 15 
resin headliners and the necessity of lay up moulding 
by thermoforming a laminate comprised of a stiff 
structural yet thermoformable polystyrene foam and 
either kraft paper or a polymer film material bonded 
to either side of the foam. This laminate is covered 20 
with a soft polyurethane backed fabric. Thermofor- 
ming as opposed to lay up moulding is cost effective. 
A laminate of a stiff polystyrene core with kraft paper 
or polymer film bonded to either side can be readily 
mass produced on automated equipment, cut into 25 
sheets, heated in a thermoforming operation and 
vacuum formed to shape. However, such headliners 
do not have sufficiently desirable sound absorbing 
properties because the kraft paper tends to reflect 
the sound rather than absorb it. 30 

Many have endeavoured to eliminate the paper or 
polymer film covering from such laminates and 
substitute a nonwoven fabric layer on one or both 
sides of the stiff polystyrene foam core in order to 
achieve better sound absorbing properties. One 35 
problem with such an approach is that automobile 
headliners must be able to withstand relatively high 
environmental use temperatures, i.e., 85° C (185 
Degrees F). The structural foam polystyrene-fabric 
laminate tends to sag when exposed to such high 40 
temperatures. 

The obvious solutions to the sagging problem 
include: 1) using a higher temperature foamed 
polymer; and/or 

2) laminating nonwoven fabric to the poly- 45 
styrene foam core which" incorporates polymer 
binders having softening temperatures in the 
neighbourhood of or above 85°C (185 Degrees 
F). 

One drawback to using higher heat resistant 50 
polymer is that the foam core becomes increasingly 
difficult to thermoform into three dimensionally 
contoured configurations. Also, the material tends to 
be more rigid and less sound deadening than the 
stiff thermoformable polystyrene. The. use of 55 
polymer binders in a nonwoven fabric which is 
laminated to the foam core having softening tem- 
peratures greater than 75 Degrees C. as suggested 
in US-A-4,529,641 does not seem to satisfactorily 
eliminate the sagging problem. The line of tolerance 60 
between using materials having excessive heat 
resistance, making thermoforming more difficult, 
and those having sufficient heat resistance to pass 



the environmental heating tests appears to be a 
difficult line to walk. 

US-A-4,529,641 also suggests the possibility of 
using a thermoset phenolic resin as the nonwoven 
fabric binder. The theory of such use is to heat and 
thermoform the laminate before the thermosetting 
resin cures. Once it cures, forming is. no longer 
possible. Having once set, the thermosetting 
phenolic binder would be resistant to any further 
deformation as a result of exposure to environmental 
temperatures of up to 85° C (185 Degrees F). 
The problems with this theory are: 

'1) the thermosetting phenolic polymer may 
be set during the heating step, and become 
nonformable when placed in the mould; and/or 
2) the thermoset phenolic polymer compo- 
nent of the laminate may exhibit an undesirably 
short shelf life, i.e., set during storage, shipping 
and the like, thereby rendering the laminate 
non-thermoformable. 
Those skilled in this art have spent years search- 
ing unsuccessfully for solutions to these problems. 
As a result, thermoform ed kraft paper or polymer 
film and structural foam polystyrene laminates and 
lay up moulded fibreglass reinforced polyester resin 
based laminates remain the principal automobile 
headliner constructions in use today. 

According to one aspect of the present invention 
a method of forming three dimensionally contoured 
parts, such as automobile headliners, comprises 
thermoforming a laminate of a relatively stiff, thermo- 
formable foam core, a porous, nonextendable 
material laminated thereto and a fabric laminated to 
and covering said porous, nonextendable layer, 
wherein said porous, nonextendable layer is ar- 
ranged so as to be subject to two dimensional 
contouring in said thermoforming process, is ar- 
ranged so as not to extend into areas of the laminate 
which will be subject to severe three dimensional 
contour formation, and is sufficiently porous to have 
better sound absorbing properties than a polymeric 
film material or a material such as kraft paper. 

According to another aspect of the present 
invention, a thermoformable laminate comprises a 
relatively stiff, thermoformable foam core, a porous, 
nonextendable material laminated thereto and a 
fabric laminated to and covering said porous, 
nonextendable layer, wherein said porous, nonex- 
tendable layer is arranged so as to be subject to two 
dimensional contouring in a thermoforming process, 
and is arranged so as not to extend into areas of the 
laminate which will be subject to severe three 
dimensional contour formation, and is sufficiently 
porous to have better sound absorbing properties 
than a polymeric film material or a material such as 
kraft paper. 

Thus, in the thermoforming process of the present 
invention, three dimensionally contoured articles 
such as automobile headliners are thermoformed 
from a laminate of a stiff, thermoformable foam, a 
porous, nonextendable stiffening layer laminated 
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thereto and a fabric layer laminated over the 
nonextendable layer, wherein the porous nonex- 
tendable layer is oriented to be subjected principally 
to two dimensional contour and does not extend into 
areas of the laminate which are subjected to 
substantial three dimensional contour formation. 
This makes it possible to mass produce a laminate 
for subsequent thermoforming which has excellent 
sound absorbing characteristics and which will pass 
environmental temperature requirements estab- 
lished by the automotive industry. 

The invention may be carried into practice in 
various ways but one example of laminate, the 
automobile headliner thermoformed therefrom and 
the method of production of the headliner, all in 
accordance with the invention, will now be described 
by way of example with reference to the accompa- 
nying drawings, in which: 

Fig. 1 is an exploded perspective view of the 

laminate; and 
Fig. 2 is a perspective view of an automobile 

headliner thermoformed from the laminate of 

Rg.1. 

The laminate 1 comprises a stiff foam core 10 to 
which is laminated a porous, nonextendable stiffen- 
ing layer or mat 20 on one side and an identical 
porous, nonextendable stiffening layer or mat 20a on 
the other side. The edges 21 and 21a respectively of 
porous, nonextendable layers 20 and 20a are inset 
from the edges 11 of structural foam core 10. 
Laminated over porous, nonextendable layers 20 
and 20a are fabric layers 30 and 30a respectively, the 
marginal edges 31 and 31a of which are aligned with 
and coextensive with the marginal edges 11 of 
structural foam core 10. 

The nonextendable mats 20 and 20a are oriented 
in such a way that they do not extend into those 
areas of the laminate which will be subjected to 
severe three dimensional contours upon thermofor- 
ming. In the case of the headliner 40 (Fig. 2) which is 
to be thermoformed from mat 1 (Fig. 1), the areas of 
most severe three dimensional contour are those 
areas in the vicinity of headliner side edges 41. Thus, 
edges 21 and 21a of nonextendable porous mats 20 
and 20a are inset from the edges 1 1 of structural 
foam layer 10 and the edges 31 and 31a of fabric 
layers 30 and 30a. The specific distance of the inset 
will vary depending on the specific three dimensional 
configuration being thermoformed from laminate 1. 
Mats 20 and 20a are subjected to two dimensional 
contouring, but not severe three dimensional con- 
touring. 

Mats 20 and 20a must be "nonextendable" in the 
sense that they will not stretch when exposed to 
heat in the vicinity of 85°C (185 Degrees F.) t the 
critical environmental testing temperature for headli- 
nes. If mats 20 and 20a were extendable when 
exposed to such temperatures, headliner 40 would 
sag in the middle when exposed to heat. 
. It is also important that mats 20 and 20a be porous 
to a sufficient degree that they do not act as sound 
reflectors in the same sense as a sheet of kraft 
paper, a polymer film or a layer of solid fibreglass 
reinforced resin. The porosity of mats 20 and 20a 
allows sound to penetrate and be trapped behind 
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mats 20 and 20a rather than bouncing off them. 
While precise measures of porosity are difficult to 
specify and while there will be a good deal of latitude 
allowed to those skilled In the art, mats 20 and 20a 
are preferably sufficiently porous that one can gently 
blow air at them and feel it coming through the other 
side. 

Mats 20 and 20a are preferably relatively thin. 
Thinness facilitates porosity and minimizes the 
potentially negative impact on sound properties 
represented by a nonextendable material. 

The preferred way to obtain porosity is to use a 
mat comprising a plurality of fibres either thermo- 
bonded together or bonded together by just suffi- 
cient binder to bond them, but not sufficient binder 
to interfere with porosity. Both the fibres and the 
binder must be sufficiently heat resistant that they 
do not facilitate mat stretching at temperatures of 
85° C (185 Degrees F.). This makes a thermosetting 
binder most preferable. 

We find that the fibres must be of a material which 
softens at a temperature in excess of 177°C (350 
Degrees F.), preferably in excess of 205°C (400 
Degrees F.) and most preferably in excess of 260°C 
(500 Degrees F.). High melting point polyester fibres 
are acceptable, generally softening at temperatures 
between 205° C (400 Degrees F.) and 260° C (500 
Degrees F.). Glass fibres are the most preferred, 
softening at temperatures far in excess of 260° C 
(500 Degrees F.). Polymeric materials softening at 
temperatures lower than 177°C (350 Degrees F.), 
such as polyolefins, are not operable in this 
invention. Excessive sag results even though the 
test temperature is only 85° C (185 Degrees F.). 

In the most preferred mode contemplated, mats 
20 and 20a comprise a multitude of glass fibres 
bonded together by a thermosetting resin such as a 
urea formaldehyde polymer. The mats are preferably 
from about .254 to .508 mm (10 to 20 mils) thick. The 
glass fibres are approximately 10^m (microns) thick 
and approximately 12.7 mm (1/2 inch) long or more 
and have a specific gravity of about 2.5 to 2.7. This 
fabric weighs 67.8 gms/m 2 (2 ounces per square 
yard) at a thickness of .305 mm (12 mils). Its density 
is about .224 gms/cm 3 (14 pounds/cubic foot), of 
which 80o/o is glass and 200/o is binder. Thus the fibre 
density of the mat is about .18 gms/cm 3 (11.25 
pounds per cubic foot) and the binder density is 
about .044 gms/cm 3 (2.75 pounds per cubic foot). 
Just sufficient binder is used to hold the glass fibres 
together, so that the presence of binder does not 
unduly hinder porosity. Such a mat is available from 
Johns Mansville Corporation as "DURA-GLASS 
7565." DURA-GLASS is a Trade Mark. 

An alternative mat material which may work in 
some circumstances, but which is not as effective as 
the above described porous fibreglass mat is a spun 
bonded polyester mat of comparable porosity and 
thickness. A high temperature polyester fibre must 
be employed. An example of such a material is 2.1 
Bontex (Trade Mark) available from Van Waters and 
Rogers, Inc. of Kansas City, Kansas. This material 
weighs 71.19 gms/m 2 (2.1 ounces per square yard) 
at a thickness of about .305 mm (12 mils), or about 
.240 gms/cm 3 (15 pounds/cubic foot). The individual 
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fibre density is about 1.38 grams/cubic centimetre. 
The fibres have a softening temperature in excess of 
_205°C (400 Degrees F). This material is somewhat 
less porous, given that the overall mat densities are 
comparable and the fibre density per se is less. 5 
Nevertheless, one can notice the passage of air 
through the mat when blowing air against it. 

Stiff foam layer 10 comprises a foam polymeric 
material such as polyurethane or polystyrene. The 
most preferred material is a styrene-maleic anhy- 10 
dride copolymer sold by Arco Chemical Company 
under the Trade Mark "DYLARK" 232. This material 
has a softening temperature of about 93.3° C (200 
Degrees F.) and can be readily thermoformed at 
temperatures of approximately 121° C (250 Degrees 15 
F.). It Is a stiff material, but is not so rigid as to act as 
a sound board. It has sufficient internal flexibility or 
compressibility to act as a sound deadener. While 
such a material will not in and of itself resist sagging 
under environmental testing at 85°C (185 Degrees 20 
F.), it will when incorporated into the laminate 1 
described above. 

The foam core 10 can be a single layer or can itself 
be a laminate of two separate foam layers adhered 
together. We prefer that the foam core 10 have a 25 
thickness of approximately 3.56 to 4.57 mm (.14 to 
.18 inches) to begin with, either singly or as a 
composite of two foamed layers, and be of a foam 
which, upon application of heat, can be expanded 
further. Foam core 10 should be capable of 30 
undergoing about a 300% expansion when exposed 
to heat in thermoforming to a final thickness in 
headliner 40 of approximately 12.7 mm (one-half 
inch) and has a density of from 3.5 to 5.5 initially, and 
from about 1.2 to about 1.8 when expanded. 35 

The fabric layers 30 and 30a serve as sound 
absorbing or sound deadening layers. A preferable 
fabric material is a nonwoven fabric. We prefer the 
use of a blend of 5QQ/o 0.67 tex (six denier) and 5QO/o 
1.67 tex (fifteen denier) polyester fibres with a 40 
relatively high melting point of 227° C to 232° C (440 
to 450 Degrees F.) and a softening temperature of 
215.5°C (420 Degrees F.). These fibres are approxi- 
mately 50.8 mm (two Inches) in length and are 
bonded together by a polyvinyl chloride-styrene-ac- 45 
rylic terpotymer in which polyvinyl chloride is the 
predominant component. This is commonly used as 
a nonwoven fabric binder. The styrene and acrylic 
contents are around 10% each. This binder does 
cross link and hence becomes more resistant to 50 
heat degradation after thermoforming. The ratio of 
binder to fibre is 50/50 by weight. The binder itself 
includes approximately 50% by weight aluminium 
trihydrate to render nonwoven fabric layers 30 and 
30a fire retardant. Fabric layers 30 and 30a are 55 
approximately 2.38 mm (3/32 of an inch) thick prior 
to being pressed in the lamination process, after 
which they have a thickness of approximately 1.59 
mm (1/16 of an inch). 

The adhesives used to bond the laminated layers - 60 
together must of course be suitable for the materials 
being bonded, must be moisture resistant and must 
have softening ranges lower than the melting point 
of the polystyrene-maleic anhydride copolymer foam 
core 10 but higher than the environmental exposure 65 



temperature of 85°C (185 Degrees F.). By having a 
softening temperature range lower than the degra- 
dation temperature of the foam core 10, the polymer 
adhesive layers will not interfere with the thermofor- 
ming of laminate 1. Yet, the polymer adhesive layers 
will not soften and allow delamination at the 85° C 
(185 Degrees • F.) environmental exposure test 
temperature. Thus, the polymers used as adhesives 
must soften within the range of 85°C to 124°C (185 
to 255 Degrees F.), preferably around 107°C to 
124°C (225 to 255 Degrees F.). 

We prefer the use of a polyamfde adhesive web 
material for bonding the porous, fibreglass mats 20 
and 20a to foam core 10. This material softens within 
the range of 1 13°C to 124°C (235 to 255 Degrees F.). 
A preferred material is Sharnet SH240 adhesive web, 
available from Sharnet Corporation. Sharnet is a 
Trade Mark. The adhesive web is placed between the 
polystyrene foam core 10 and the porous fibreglass 
layers 20 and 20a and is heated in a heating press 
when the various laminate layers are pressed 
together. 

We prefer to adhere the nonwoven fabric layers 30 
and 30a to the fibreglass layers 20 and 20a, and at 
their edges to foam core 10, by means of an ethylene 
vinyl acetate adhesive having a softening range of 
110°C to 121°C (230 to 250 Degrees F.). Such a 
material is sold by Hughes Division of PPG under the 
trade designation HC6990. 

Laminate 1 is formed by pressing the various 
layers of material and polymer adhesives at a 
temperature of from about 115.5°C to about 121°C 
(240 to 250 Degrees F.), under a pressure of from * 
about 276 to about 414 kPa (about 40 to about 60 
pounds per square inch). The thus formed laminate 
can then be shipped to a headliner manufacturer ? 
where it is thermoformed Into a desired three 
dimensional configuration, e.g., headliner 40 (Fig. 2). 
In the thermoforming process, laminate 1 is first 
heated under heating elements to a temperature of 
about 118°C (245 Degrees F.), and is then placed in 
a cooled compression forming- mould assembly 
having the desired configuration. 

Being nonextendable, layers 20 and 20a must 
slide somewhat relative to their adjacent foam core 
10 and fabric layers 30 and 30a. This is facilitated by 
the intermediate adhesives used. Nonextendable 
porous layers 20 and 20a do not extend into the 
edge areas of laminate 1 so that the more sharply 
three dlmensionally contoured sides of headliner 40 
can be formed. The presence of a nonextendable 
material extending ail of the way to the edges of 
laminate 1 would prevent the formation of the 
headliner 40 in the configuration shown in Fig. 2. 



Claims 

1. A method of forming" three dimensionaily 
contoured parts characterised by thermofor- 
ming a laminate of a relatively stiff, thermofor- 
mable foam core, a porous, nonextendable 
material laminated thereto and a fabric lami- 
nated to and covering said porous, npnextend- 
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able layer, wherein said porous, nonextendable 
layer is arranged so as to be subject to two 
dimensional contouring in said thermoforming 
process, is arranged so as not to extend into 
areas of the laminate which will be subject to 
severe three dimensional contour formation, 
and is sufficiently porous to have better sound 
absorbing properties than a polymeric film 
material or a material such as kraft paper. 

2. A thermoformable laminate characterised 
by: a relatively stiff, thermoformable foam core, 
a porous, nonextendable material laminated 
thereto and a fabric laminated to and covering 
said porous, nonextendable layer, wherein said 
porous, nonextendable layer is arranged so as 
to be subject to two dimensional contouring in a 

J thermoforming process, and is arranged so as 
^jpnot to extend into areas of the laminate which 
will be subject to severe three dimensional 
contour formation, and is sufficiently porous to 
have better sound absorbing properties than a 
polymeric film material or a material such as 
kraft paper, 

3. A method according to Claim 1 or a 
laminate according to Claim 2 in which said 
fabric layer comprises a nonwoven fabric. 

4. A method according to Claim 1 or Claim 3 
or a laminate according to Claim 2 or Claim 3 in 
which another porous, nonextendable layer and 
another fabric layer are similarly arranged on 
the opposite side of said foam core. 

5. A method according to any of the preced- 
ing Claims or a laminate according to any of 
Claims 2 to 4 in which the or each porous 
nonextendable layer comprises a mat of 
bonded fibres, said fibres being of a material 
having a softening temperature in excess of 
175°C. 

6. A method according to Claim 5 or a 
laminate according to Claim 5 in which said fibre 
softening temperature is in excess of 205° C. 

7. A method according to Claim 5 or a 
laminate according to Claim 5 in which said fibre 
softening temperature is in excess of 260° C. 

8. A method according to any of the preced- 
ing claims or a laminate according to any of 
Claims 2 to 7 in which the or each said porous, 
nonextendable layer comprises a thin, porous 
fibreglass mat. 

9. A method or a laminate according to 
Claim 8 in which the fibreglass mat is from 
about .254 to about .508 mm thick and incorpor- 
ates just sufficient binder to hold the glass 
fibres together. 

10. A method according to any of Claims 1 to 7 
or a laminate according to any of Claims 2 to 7 in 
which the or each said porous, nonextendable 
layer comprises a thin, porous polyester fibre 
mat. 

11. A method or a laminate according to Claim 
10 in which said polyester fibre mat is a spun 
bonded polyester fibre mat from about .254 to 
about .508 mm thick. 

12. A method according to Claim 1 or any of 
Claims 3 to 11 or a laminate according to any of 
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Claims 2 to 11 in which said foam core 
comprises a polystyrene-maleic anhydride co- 
polymer foam having a density of from about 
.056 to about .088 gms/cm 3 . 

13. A method according to Claim 1 or any of 
Claims 3 to 12 or a laminate according to any of 
Claims 2 to 12 in which said nonwoven fabric 
comprises approximately 50o/o 0.67 tex fibres 
and 500/o 1.67 tex fibres of approximately 51 mm 
in length, bound together by a polymer binder in 
a binder to fibre ratio of 50/50 and having a 
thickness of from about 1.58 mm to about 
3.16mm. 

14. A method according to any of the preced- 
ing Claims in which the or each said nonextend- 
able layer includes lateral edges which are inset 
from the lateral edges of said foam core and 
said fabric layer, said thermoforming being 
conducted such that said laminate has its 
greatest three dimensional contour in the area 
adjacent its lateral edges, beyond said lateral 
edges of said nonextendable mat. 

15. A laminate according to any of Claims 2 to 
13 in which the or each nonextendable layer 
includes lateral edges which are inset from said 
foam core and said fabric layer or layers. 
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